X-ray Analysis of Podophyllotoxone-a Lignan by Rajnikant et al.
han^ ,^ phys.l6A(2), 171-173 (2002)
U P  A
an international journal
X-ray analysis of podophyllotoxone-a lignan
Rajnikant*'* ,^ Vivek K Gupta" ,^ K N Goswami^, D K Magotra^,
S M Jain’*^'*', D K Gupta"^^  and S M Anand^ "^
" Crystallography Laboraiory, Posl-Graduate Department of Physics, 
University of Jammu, Jammu Tawi-180 006, India 
Chemistry Division, Regional Research Laboratory, Jammu Tawi-l80(X)2, India
E-mail : rkantverma@rediffmail.com
Received 25 July 2001, aaepied 7 November 2001
Ahxtmct The crystal structure of the title compound (C„H,^,0^) has been determined by X-ray crystallographic techniques. The compound
uvsuaIIi/ls into orthorhombic space group P2j2,2, with unit celi parameters a = 6,S18(4), b = 12.154(6), r= 24 922(9)A, Z = 4 The structure has 
Ivoi solved by direct methods and refined to /? = 0 086 for 1081 observed reflections The rivc-membered heterocyclic rings A and D exist in envelope 
(iinloimaiion The phenyl nngs B and E are planar while ring C assumes a distorted sofa conformation The dihedral angle between the phenyl nng E 
j,h! rest ‘>1 the molecule is 90.4(2)*’ The molecules in the structure are linked together by intra- and intcrmolecular C-H . O contacts
Kev^^ords X-ray crystallography, direct methods, lignan
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Introduction
Ihc mic compound, a lignan, was obtained by the extraction of' 
ipovulcicd roots / rhi/omes of podophyllum hexandrum (500 gm) 
kiih dltanol, followed by concentration under vacuum. The 
luciitraicd mass was poured into cold water (2000 ml). The 
scmi solul dark brown coloured residue was extracted with ElOAc 
X 250 rnl). The  combined dried extract after removal of solvent 
\as then subjected to column chromatography when it gave 
major fractions. The first fraction after repeated column 
thiomaiography and preparative TLC gave podophyllotoxonc 
file chemical structure assigned to this compound on the
9 
O
1 . Chemical structure of Podophyllotoxone. 
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basis of IR, UV, NMR and mass spectral data is shown in 
figure 1.
2. Experimental
Colourless needle shaped single crystals of podophyllotoxone 
(m.p. 462-465K) were grown from methanol by slow evaporation 
at room temperature. Three-dimensional intensity data were 
collected on Enraf-Nonius CAD-4 diffractometer using MoKa 
radiation. The unit cell parameters were refined by the least- 
squares procedure. The data were corrected for Lorentz and 
polarization effects. Absorption and extinction corrections were 
not applied.
The structure has been solved by direct methods using 
SHELXS86 software [2J. All non-hydrogen atoms of the molecule 
were obtained from the E-map. Full-matrix least-squares 
refinement has been carried out using SHELXL93 software 13]. 
All H atom positions were calculated geometrically with f/,,^(H) 
= 1.2 (parent atom). A riding model was used in their 
refinement (C-H = 0.92 -  0.97 A). The final refinement cycle 
converged to /? = 0.086 and wR(F^) = 0.224. Atomic scattering 
factors were taken from International Table for X-ray 
Crystallography (1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4). The 
crystallographic data are summarized in Table 1.
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Tabic 1. Crystal data and other experimental details. the atomic numbering scheme is shown in Figure 2[4] 
geometry of the molecule has been calculated using the sofi^ .^ 
PARST[5).Crystal description
Colourless needles
Chemical formula
Molecular weight 412 39 Table 2. Atomic coordinates and equivalent isotropic thermal parameters
Cell parameters a = 6 518(4), h = 12 154 (6) (A^) for
non-hydrogen atoms (e.s.d.'s are given in parentheses)
and c = 24.922(9) A > atom U
Unit cell volume 1974 32 A'
Crystal system Orthorhombic Cl 0 103(2) 0.028(1) 0.5513(3) 0.056(1,
Space group ■ P2.2.2, C2 0 030(2) -0 ,0 6 0 (1 ) 0 5564(3) 0 056(11
Dcn.sity (calculated) . 1.387 Mg m ' C3 0.217(2) -0 .0 5 3 (1 ) 0 .5785(3) 0.059(.i,
No of molecules per unit cell (Z) 4 C4 0.298(2) 0 047(1) 0 .5988(3) 0 061(1)
Radiation M oK a C4a 0.167(2) 0.138(1) 0 5940(3) 0 047(1,
Wavelength ( A ) 0 71073A C5 0.259(1) 0 .247(1) 0.6141(3) 0 04 6( 1)
Absorption coefficient ( // ) 0 I06nim ' C5a 0.147(2) 0 .338(1) 0 5836(3) 0 049(1)
Crystal si/c 0 35 X 0 20 X 0 20 mm C6 0.193(2) 0 457(1) 0.5920(3) 0 0.56(4)
Kcfincmcnt o( unit cell . 25 rencclions, (5.9 < (? < 10.7") 0 6 0 347(1) 0.502(1) 0 6041(3) 0 077|V,
S lange lor cnlire data collection 2 < < 25" 0 7 0.018(2) 0 513(1) 0 5784(3) 0 081(1,
No of measured re (lections . 1710 C8 0.143(2) 0 440( 1) 0.5641(4) 0 ()80(.l)
No of unique reflections 1704 C8a 0 076(2) 0.332(1) 0.5876(3)1 0 053(1!
No of observed reflections 1081 (/'i,>4cT(Fo)j C9 0 157(2) 0.227(1) 0 5650(3)1 0 04H(1)
No of parameters refined '. 27 1 C9a 0.023(2) 0 132(1) ().5712(3)\ 0 046( 11
Final ^-factor 0 0K6 0 9 0 324(1) 0.222(1) 0 5434(2) 0 06412)
w/? {F) . 0 224 OlO 0 002(1) -0  165(1) 0 .5390(3) 0 ()7HMi
Weight l/[CT^fii^) + (O.I59/’)- +0.36/’l.
C l l 0.157(2) -0 .2 2 5 (1 ) 0 .5596(5) 0 08 5(Si
0 1 2 0.315(2) -0  150( 1) 0 .5763(3) 0 09()(J)
Where 7* = lf ,f+ 2 /- ;’ ] / 3
Goof (5')
0 1 3 0.515(1) 0 397(1) 0 7855(3) 0 075MI
1 002
C14 0 687(2) 0 440(1) 0 7593(4) 0 076(41
Final residual electron dcnsiiy -0 3 7 < J ip < 0  35eA ' 0 1 5 0 215(1) 0 301(1) 0 8406(2) 0 ()76(-’i
iiM a) mux in the final cycle 0 020 (for (;,, C9) C16 0 325(2) 0 214(1) 0 8686(4) 0 0Sh4i
0 1 7 0.065(1) 0 176(1) 0 7910(2) 0 06 5(21
3. Results and discussion C IS 0.213(2) 0 .106(1) 0 7684(4) 0 069( Ji
The final atomic positions and equivalent isotropic displacement c r 0.244(1) 0 259(1) 0 6752(3) 0 041(2)
parameters for all the non-hydrogen atoms are presented in C2’ 0.388(1) 0 323(1) 0 .7007(3) 0 ()49(<i
Table 2. Bond distances and bond angles for non-hydrogen C3' 0 377(2) 0 337(1) 0 .7566(3) 0 057(41
atoms are listed in 7'able 3. An ORTEP view of the molecule with C4' 0 223(2) 0 286(1) 0 7847(3) 0.()5H(4.
0 9 C5‘ 0 080(1) 0 .223(1) 0 ,7600(3) 0 051(4,
O10 C l C0C9 C6’ 0 091(1) 0 209(1) 0 .7034(3) 0 052(4,
* u  = (1 /3 )1 ,
012
C18
|c r
I C14
013
► CIS
Figure 2. ORTEP view (50% probability level) of the title molecule
The bond distance and bond angles arc in agreem ent will) 
some related structures [6-10]. The phenyl rings B and H show 
normal geometries. The phenyl ring B is perfectly planar wilhan 
average deviation of 0.001(9) A. Ring E is also planar wilhan 
average deviation of0.006(9) A. The five-membered hetcrocycln; 
rings A and D exist in envelope conformation. The asyinmeio 
parameters for rings A and D are : AC^ (Cl 1) = 0.59 and dC 
(C8a) = 5.09, respectively [11]. Ring C adopts distorted sofa 
conformation with asymmetry parameter A (C5a) = 9.4
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Tflhk 3- Selected bond distances (A) and bond angles (") for non-hydrogen 
jioms (c.s d ’s arc given in parentheses).
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07 CS-C8a 
eSa eSa C 9  
CHa-C9-()9 
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1.38(1) 
I 45(1) 
1.34(2) 
1.36(1) 
1.41(1) 
1 34(1) 
1 41(1) 
I 53(1) 
1.37(2) 
1.53(1) 
I 53(1) 
1 50(1) 
I 46(1) 
1 19(2) 
I 37(2) 
1 42(2) 
1 51(1) 
114(1) 
124(1) 
109(1)
I I 1(1) 
123(1) 
131(1) 
115(1) 
123(1) 
104(1) 
123(1) 
112 ( 1) 
106(1) 
I 13(1) 
122( 1) 
106(1) 
1 1 1 ( 1) 
104(1) 
112( 1) 
1 2 2 ( 1) 
122 ( 1)
C8a-C9
C 9-C 9a
C 9 -0 9
O lO -C Il
C ll -0 1 2
013-C 14
013-C 3 '
O I5-C 16
015-C 4'
017-C 18
017-C 5'
C 1-C2'
c r - C 6 ’
C2-C3'
C3’~C4'
C4'-C5^
C 5-C 6 '
C8a-C9.-C9a
C9a-C9-^09
C 4a-C 9a-C 9
C l-C 9 a-C 4 a
C 2 -O 1 0 -C 1 1
O lO -C l I-O I2
C 3 -0 1 2 -C 1 1
C14-013-C3*
C 1 6 -0 1 5 -C 4 ’
C I8-^O I7-C5'
C 5-CI'-’C6'
C5-Cr-C2*
C 2'-C r-C 6 '
C r-C 2 '-C 3 '
C2'~C3*-C4'
C 3 -C 4 -C 5 ’
C 5a-C 8a-C 8
C 4-C 5 '-C 6 '
C l'-C 6 '-C 5‘
Table 4. Geometry of intro- and intermoleculur C-H ,0  interactions.
X...r(A) H .^ (A) X-H.. no)
1.43(2) 
1.39(1) 
1.37(1) 
1.45(1) 
1 41(1) 
1 40( 1) 
1 3.5(1) 
1.38(1) 
1.36(1) 
1.40(1) 
1 37(1) 
I 35(1) 
I 42(1) 
115(1) 
123(1) 
123(1) 
121( 1) 
105(1) 
108(1) 
104(1) 
119(1) 
1 1 1 ( 1 ) 
121( 1) 
121( 1) 
118(1) 
121( 1) 
119(1) 
119(1) 
122( 1) 
103(1) 
119(1) 
119(1)
C2’-H2'.. 0 6  3.26(1)
C 5 - H 5 .09 '^^ 3.25(1)
C5a-H5a . 0 9 "“ 3 25(1)
C8-H 82...06"'" 3 55(2)
C 11-H 1U ...O 10"’'' 3 57(2)
C18-^H18I . 06'*’ 3 53(1)
Symmetry codes (i) jr+I. y. z 
(iii) ji-1, y. T
2.78(1) 
2.35(1) 
2.29(1) 
2.59(2) 
2 68( 2 ) 
2 .68( 1)
113(1)
153(1)
167(1)
168(1)
152(1)
148(1)
(n) ;t +1/2, -y+1/2, -r+1 
( I V )  + 1/2. -v-l/2 . ~ 7 + l
( V )  - J t .  v-l/2 ,-z+ 1/2+1
The dihedral angle between the phenyl ring E and the rest of 
lilt molecule is 90.4(2)® which shows that this ring is held at 
right angles to the rest of the molecule consisting of rings A-D. 
fills IS also confirmed by the value of torsion angle C5a-C5-Cl'- 
CY)' = 92(1)°. Molecular packing in the unit cell down a-axis is 
depicted in Figure 3. Inlra- and intermolecular C-H ...0 
inicraciions which contribute to the stability of the crystal 
i!*iruciure is given in Table 4.
Structure Factors Data have been deposited at the Editorial Office of the 
Juurnaf.
Figure 3. Packing diagram viewed down the (i-oxis 
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